In this paper, we evaluate performances of dual-hop decode-and-forward relaying systems with the N th best-relay selection scheme. In some schemes, such as scheduling or load balancing schemes, the best relay is unavailable and hence the system must resort the second best, third best, or generally the N th best relay. We derive the expressions of the outage probability and symbol error rate (SER) for this scenario over Rayleigh fading channels. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Ⅰ. Introduction
Cooperative communication is well known to improve channel capacity and achieve higher diversity gain under fading environments when compared to direct transmission [1] , [2] . Cooperative diversity protocols utilize dual-hop relaying scheme when the source has no direct link to the destination. For amplify-and-forward relaying schemes [3] , [4] , the relay just amplifies the signal received from the source and forwards the amplified signal to the destination. Decode-and-forward relaying schemes can use either the fixed relaying scheme [5] or the adaptive relaying scheme [6] . In the first strategy, the relay always detects and forwards the received signal to the destination. In contrast, the relay in the second scheme just sends the signal to the destination if it decodes it successfully; otherwise, it keeps silent.
Relay selection is an important issue for the improvement of system performance. Therefore, most of the methods related to relay selection have mainly focused on the best-relay selection. However, in some cases, the system cannot choose the best relay due to some scheduling or load balancing conditions. In [7] , [8] , S.S. Ikki et al have proposed cooperative schemes in which the N th best relay would be used to forward the source's information to the destination. In this paper, we investigate dual-hop decode-and-forward relaying systems using the N th best-relay selection scheme over Rayleigh fading channels. We first derive the cumulative density function (CDF) and probability density function (PDF) of the N th best order statistics of the equivalent instantaneous signal to noise ratio (SNR).
Relying on these distributions, we derive the exact expression of the outage probability for the adaptive relay scheme and the approximate expressions of symbol error rate (SER) for the fixed relay scheme. Monte-Carlo simulations are presented to confirm the derived expressions. The rest of the paper is organized as follows. The system model description is described in Section Ⅱ and performance analysis is discussed in Section Ⅲ. In Section Ⅳ, we will show the simulation results and Section Ⅴ concludes the paper.
Ⅱ. System Model Description
As shown in Fig. 1 , we assume that no direct link exists between the source and the destination; hence the source's data must be sent to the destination via a relay. We also assume that M relays are available for cooperation. We further assume that all nodes are equipped with a single antenna and operate in a half-duplex mode.
The data received by relay
, and the destination D due to the transmission of the source and relay i R can be respectively presented as follows: s at relay i R and the destination, respectively.
From (1), (2), the instantaneous received SNR at relay i R and the destination are respectively calculated by 
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, due to the independence of 1i g and 2i g , the CDF of i g is given by [5] ( ) (
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In this paper, the relay having the th N largest value of i g would be chosen to transmit the data. ( ) ( ) ( ) 
From (11), we get the probability density function (PDF)
Ⅲ. Performance Evaluation
3-1 Outage Probability
We assume that each node (including relays and the destination) decodes the data successfully if the instantaneous received SNR at this node is larger than a predetermined threshold, th g . If the chosen relay, e.g., c R , decodes the source' signal successfully, it will forward the decoded signal to the destination. Otherwise, it keeps silent. Therefore, the outage probability in this case can be formulated as 
3-2 Symbol Error Rate
In fixed decode-and-forward relaying scheme, the equivalent SNR for two hops of each relay can be approximated tightly as [5] ( ) 
where Q(.) is Q-function defined in [9] . With the help of Appendix A, the average SER in (15) can be calculated approximately by 
Substituting (12) into (17), similar to (16), we also obtain ( ) ( ) ( ) ( )( )
For square V-ary QAM, similar as above, the average SER over Rayleigh fading channel is calculated as
Substituting (12) into (19) and with the help of Appendices A and B, the high transmit SNR approximation of SER is calculated by ( ) ( )
Ⅳ. Simulation Results
In this section, we provide some numerical results that have been developed in Section III and we verify these results with Monte-Carlo simulations. In all simulations, we assume that the transmit power of the source and relays are same and the expected values 1 W and 2 W equal to 1. Fig. 2 shows the outage probability of the system as a function of the transmit SNR g in dB. In this simulation, we assign the value of M and th g as 3 and 2, respectively, while the value of N varies from 1 to 3. As shown in Fig. 2 , the outage performance is smallest when the best relay (N=1) is chosen. This is due to the fact that the obtained diversity order decreases with the increasing of N.
In Fig. 3 , we investigate the effect of threshold th g on the outage performance. In this figure, we assume that M=4 and N=2. As expected, the outage performance decreases with decreasing th g . Figs. 2～3 show that the theoretical and simulation results are in good agreement, which verifies the accuracy of our analyses.
In Fig. 4 , we investigate the average SER performance when different modulation techniques are used. In this figure, the number of relays is fixed at 3 and the second best relay is chosen for the cooperation. The performance is best when 16-QAM is used and the worst performance is obtained when 16-PAM is used. In addition, the theoretical and simulation results match well at high SNR region. The small gap between them comes from the approximate method which is made by (14).
Ⅴ. Conclusion
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